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I::VKSTICAT ~ Cog OFTEHETTSSAC AND STRtUCTUHti OF A NUT&R- OF IltON-I'AL E

ALLOYS, OfLiATIVE TO THEIR COTMSITIONS

by

.. Crtsriken, I. E. Dekhtyar, L . H.K.urok

BI: vtreistntraterials of today consist of aloys base d (95n tranlsitionl

-roup inZndlye' periodic system. The introduction of various alloying element:1,

r-ven in sfull n'jatities. has a significant effect upon thie heat resistance of 'stfool.

±rc':foL,:ne>:a-rtslsantalloys emriloyed areo to a considerable degree eceedingly

Complex inrneria 'ompositeons. Usually X(Y phase equilibrium is achieved only aftear

avery lent' , ped n holding in this, type of alloy e~ven a: hig-h temperatures.

Table 1

a) Alley rznber; b) Content, of element,,, irL.%

260 This; circurnstancu! is due to the extreme slowness of' diffusion preosses. At

operati.:tenraues h propertie:s of those alloys change constantly as a consequence:

variation in their phazv': composition and thu structural components of the individiial

components. Therefore , before testing the mechanical properties of modernalloys designed
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29 for service under high temperatures, it is necessary to study the phaseccpsio

kinetics of suet, alloys u=der various conditions. TXK~XM

The prc sent pa-per ib devoted to a search for new heat-resistant alloys3 based on

iron :.,nd suited to long-term service at el,.ivated temperatures as gas-turbine parti.

Al1lays (incots of 0.3 - 0.5 kg) werq preparend KU in ;en argo: atmosphere in a

valimfurnace, pure meitals, whose composition is prcs nted i al

homogcenizing
neal~oey. mel1tcd wero subJected to an arnneal. at 1200" for 50 hrs3,

arid .were qu, n ohei in watrr from that temperature. They were theni forged and rolled

,o 5 - 6 ranv in the 950 - .10500 temperature interval.

investigations of the rricrostructure of the! quenched spe.cimens showed that alloys

Ns]- 5 containing, 5;' M~ constituted a tw..o-phase solid solution of t.,ie ferritaic-

alisteniric tyrp-. Th! pha.se ratio in these alloys varied, and alloys Nos.6 - 19

const ituted X siingle-phase solid alleys of the Ct-rritlo typez.

Corr osieOLI
A Studv o' IHeat esanc and Weldabilitv of Alloys

mya i ator of' h heat resisotanice of the alloys ,.ude u-.e of Clat specimens with

were vertically
,ro,_n s!urfaccF. The spnecimeue/first wihdand .9uspended./from a ~iXXYM minhroire wire

in a Pairs furnace and, afte- heating, were cooled along with the furnace. They were

then weighed on mirroanalytical zsa4,i_ with an accuracy of 41.25 x lo 5 gmn. The d~egree

of heat resistance w~as determined from weight gain.

ih irnvrestigations weure run at a temperatuee of 3.000 0 . The results obtained for

the index of' corrosion resistance arf- presented in Fig.!. As we see, the heat resistance

of tw-o fcrrite-austenite alloyo Nr,9.2 - It is considerably less than that of the single-

phase f~rritic alloy3 Nos.6 -11. At the o'utnet oxidation goes somewhat moro rapidly,

hut thereafter its speed remains virtually~unchanged. Both in the single-phase ferritic

ML-1026/1 1



repion and in NOXt the two-phase austeniti~c-rerritic, the presence o1f 7r in the- alley

rel;dli~a:inisheq heat resistance. Moreover, the greater the amount of' Zr the low

hrs

Fig.l ChanE,! in WHeight Gain Depending upon the Timec

fnr " i~.2it A llocys we&r~--44-

I - N~o. 1; 2 - No0.3, 3 - No.4; 4 -No.?; 5 - No.0; 6 - N'o.ll

the he-at resistance. The prensence of Nb reduccolheat resistance to an insignificant

degree. Alloys Nos.6, 7, and 11 hive the best heat resistance.

WeldaHlility tests were prn'formed on alloys 1N1es.12 -- 19, in the form of forged and

rollerd slos 2 - 5 =n thick, 25 - 40O mm wide, and 70 to 100 - 120 mm long*. Th e

%eldabilitvy te-.to providt-d for fusing beeads to the stir-faces of' the plates and making

8X&_NXMXone- and two- tee-joint fillet welds (the tees were made. only of' plates of

4- sun m thickness). Thre fusing of the beads and welding of the tees wecre performed

hy inprt rae shielded welding using a nonconsumaole electrode without filler material.

The eler:trcdoe was tungsten, 1.7 - 2 mm in diameter, and the gas was pure argon.

As a resjut of the prelim'inary weldabilityr tests it may be held that alloys

Nos.12, 13, and 14+, containing approximately 2S i, 3% Mn, and 3% Al weld well and better

than' any-of the ether test alloys. Further investigations were performed with alloys

*The weldability 'vests wore performed by D I .M1edovar, senior research assistant at the

Ye.C.Paton Tlectric eligInstitute of the Ukrainian Academy of Sciences.
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1 -os.12, 13, and ]L, whose resistance was studied at temperatute.3 of 00, 900, an(

l0000. Moreover, an investigation was made of the heat resistance of alloy Jo.32

at 12000 for 100 hrs and of alloy E1435. The results obtained (Fig.2a,b,c) show .iat

the rat,; of oxidation of alloy .o.12, which is 1.01 gm/m
2/hr.is significantly bra

than th. rtte of oxidation of alloy E1435, which is .. , grim/hr.

At high tempratures, a thin, strong and dense film of oxide, forms on the sarface

of ta apecisen. It, IYKM like the metal, undergoes oxidation, and constitutes

o d solution o1' oxide s of aluminum, iron, and chromium. The fa,.t thaP teat

rnsltsit i~~is tur at. 9)000 than at 1000o may be explained by the fact that at 9W)0,

the sl1o"; etuaienl, consist of a ixture of two phases, a and Y, whereas at. 0000 they

consiist, .f a single-phase y-solid solution.

If the data on the. heat resistance of these -alloys '( bo compared with that of

other I-nown sron-base alloys em.noyed as heat-resistant m-aterial, ',I435 for e.carp' c,

their he!at res1stanco rrovos to be higher: the weight gain of ",1435 at 10000 in 100 hro

is 0.K / h', whhorsl, the gain in the alloys under investigation is 0.2 gm/M2/hr

(Dibl. 1).

T:o over, eeri ,; alloys No 0.633 and 70, w, "-ohos i i :rescntnn in "fable 2

nor; ss di for heat resistance and heat corrosion resistance.

Table 2

a) Alloy number; b) Content of elements in wt .,

The results of the investigation& for heat corrosion resistance performed at

flQO, 1100, and 12000, are presented ih Table 3.4 -+
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a) lly u!7ber; 1')thrporature, 0 C; c) Area, cm2 ; di) Duration of teot, hrs

~. 0 & oxidat-ic- roc ,7; o;r (-1hat Tnor- rap-idly at the outsot, but thcen its speed

;.Tiyr1Cy iratclv-: ide,.i-t4 a throu.ghout.

~a r'-siJt cJf oxid-Lto-c, a lense film. of s*l-very oxdes appears on the sample.

is Qvluis -,hat t1hcs:e arf- kXKHU2~ chiefly aluminum ani! chromium oxideo. If we

ce'o~r ;~seLIOVSl to. '. ' ron-lrasro alloys it will be fo~und that thci'.' heat

cr1CliO:;Jlc-ri I'lsis1-;tarnCe is hgr.Thus, "or example, (Bibl.l) shows the weigr;L gain

of' ' cckr! rim -olvderr~i hraL re-sistant steel Khl6N26Ol and 5S1M6 to be 0.2 gm/m 2 /hr

a. C 1-00 , weeras with the alloys uinder consideration' it is 0.06 gm/m/h a100.A

1,' Co 2llny Nlo.3633 P6erfcrr~ir hott-r than alloy No.7C4 and better than a heat corrosion

resstat aloyof approxiimately h sariecheromiumi and aluminum content, described in

Stres~s-rupture strength was investigated for alloys Nos.633 and 704. The tests

These specimens,
wr; ruin on a tensile testing machine. having first been subjected to

heat treatment, were g,-iped in the Clamps Used for that purpose, the bottom door of

the furnace was closed, and the furnace was slowly brought to a desired temperature.

Then, after holding for 10 msin the specimens were placed under load XX and tested to

rupture.

The spetiimens studied had been quenched from 1200 and aged at 1000 for 2, 4,



and 6hr's. Alloy No.704 was tested at 700, 760, and 8000, and~under a load of

116kF/rf-. As quenching temperature was increased, the stress-rupture strength of

healloy rose considerably. 1.ith increase in aging time, the, stress-rupture strength

riseCs, achicving a matxim at 14 hro of aging(at 8000), wherea's it drops if aging is

oontirr~ed further.

Tn test temperature is rrduced from 800 to 7600, the stress-rupture characteristics

improve to an insignificant degz-e, but diminish sharply with further reduction in

r-yviro temp~rdt ure. It ;,a' be .;tated that 7000 is the optimum service temperature

for thnis allo.

TenNo.633 alloy was testod, specimnens quenched from 12000 and aged at 8000) for

varriou)s periods of time we-re employed. A rationalhXX heat treatment for this alloy

is:- que nching from 12000 with holding for 10 hrs and aging at 8000 for 9 - 10 hrs.

,:o have determined the relationship. betwee n the stre-ss-rupture characteristics of'

e..333 alloy t. emperature ir1a constant &K stress of a = 12 kg/nn 2, and KX relative

to MX2Xt!= stress applited at a constant temperature of 7600. Above a test temperature

of75 ?600, the strength of the alley drops sharply, exponenily atrssac

is highly dependent upon the stress applied. If at o =15 kg/mm2 , the stress-rupture

rharacteristic is 25 hrs, an increase in the load to a=19 kg/mm2 diminished it to

4 'nrs 5 mi-.

264 A comparison of the renultnz with the experimental ferritie alloy No.633 and an

aiisteniticbf of type 14~-4, containing 0.22% carbon quenched from 12000 shows that at

a service temperature of 7000 nd a load of a *10 kg/mm2 , the stress-rupture

characteristic of an austemiti:- alloy is approx-imately 250 hr while that of the

fe.rritie, alloy at the same tempreratizre and load ofYq~M is -3600 hrs.

7,



X ray stutra aalsi was performed in chromrium radiation and RKD-17 r, ,-

camneras. The mean (parameters o~mIZ1 'lattic)aftcr varicu6 aging periods at 860 ur

presFcnted in Tables 4 - 6.

Table 4

a) AginEg time, hrs; b) Lattice parameter, KI1: c) Alloy No.l; di) Alloy *No.2;

e) Q uenched

,ar is -vident frrm, Table 4, the lattice parameter of the alloys diminishes as

then
a7ling tI."e increa:es, incre-c os somewhat in the 6 - !0 hr range, and/again diminishes

(in t~ecas'e_ 01, elloy ".1). DThe reduction In thre lattice parameter obviously relates

tothu 3epciration of excess phascis, and Iincrease" the rein relates to dissolution thw-e~f-

Dissolution is confirmed by study of the microstructure. An unevren Ptnhblt of~

v-arious 7eoncs or the a'an a.cproccs3 w ihereby thc grain lb-comes nonuniform in

composi-tion in the aging process, is observed. The x-ray data also testificd to the

fact that, Wien aging cocurs at constannt temperature, tha continuous exchange of

clem,,nte hcitwnen the solid solution and the secondary phases occurs.

!~any auppleffi-nrtary lines may be seem in the radiographs of alloys Nos.l and 2.

After a special analysis of the .coparated phasos was prerformed, it was found that, in

the case or alloy No.1, these line! b Avng to the separated carbide Phase MWO~ Cr2 5O6,

whereas for alloy No.2, both of them NXkMhJ belong to the 0--phass (as is confirmed

by X comparison 4=a radiograph obtained from the pure phase), while the remainder



25, I'elongs to some new phase. The lines characteristic of the new phase also exist on

the radiographs of alloy No.2. They appear only arter aging, 'are not to be seen in vc

quenched condition. AXfter analysis it was found that these lineq may bo ascribed to

interference from the (411) plane, and that the computed parametgr is 4.36 S, which

i3 in approzimrato agreement with the chendcal compound FoSi.

Lines of a body-centered lattice arQ present in the radiograohs nf hardened ailcywj.

Even ttt~-r 27 hrs of tempe ring, the radiographs also show lines of a race-C 3nte'ed

-y-lattic-, w;hich becomek e~pr-) as further tempering time passes.

As is evident from Tables 5 and 6, the lattice param'eters X0(ULXX of all the

alloys pass through ninirma at various tinies. if one follow the course of variation

25"5 Table 5

Variations in the Lattice Paraaeter of the Principal Phase

a) Aginr. tim, e, hrs; La ~tticc parameter, KX; c) Alloy Mo.4; d) AlIcy No.5; k

e) Alloy, No.6; f) Alloy No.7; g) Alloy No.8; h) Quenched

Table 6,

Variation in the Lattice Parameter of the Separated RKU Phase

a) Aging time, hrs; L) Lattibe parameter, kX; c) Alloy No.4; d) Alloy No.5; e) Alloy 111.81



of the parameters of' thte major and the separated phases, it will be -vident that

course of' .he variation of the pa-.ameters with aging time i5 contradictory, to wi-.;

rr-e'uc-bon in the parameters of the f'errite lattice corresponds to an increase in e

f'iLrar~!ter for the austenitic phase. and vice versa. This fact is apparently cap,-O~

of bein7 ,-xplainied by the fact that the transfer of atoms of large -'adius from the

forritic to the austenitic phase occurs with the decomposition of the basic solid

solution. In view of the fart that t~he smallest Parameter 'Ls quiitu large, lina,

n iobam. and 7,irconj urn, whose atomic radii are 1.1'3, 1.47, hX and 1.6 A respectively,

w,;hereas thei atopmic radiius of the remraining components is 1.25 A, Iray ver3 well be the

elemenrts here, concern,-,. Moreover, the bulk of the change may appeirtntly be a-;cribrcd

to the aliinm ransition.

Tabl,-f -ir1 8 pre'cent the mean values of the lattice paaetr f the initial

and tie s ' pt~ hasesdf o" alloys No3.9 -11 after various aging times, whereas

Table 9 psnt ie vealues of the parameters of th. initial phase of alloys No.12, 13.

..he radiogrAphs of tempered alloys Ncs.9 - 11 indicate t:-.e presence of au~ztenite

andl f-rri ,o line:3. In the process of aging at P000, the ferrite lines disappear. a

o-phasep s(eparatcs runt, 'As- do certain other phases. The lattice parameter of the-

initiai soidAiL olut~on of aust~nitp drops sharply to .100 hr.s, and sub.5equent*w

thereto it romains r7on3sant for alloys 9'- 12. This testifies to the stability of the

phase compc;a.ion.

7- li1nes, of a Pac. -centered -lattice are present In the radiographs of cast

alloys 'jlo,.2' - 13. As tompe ring proceeds, the lattice parameter of tne base varies,

this variaton~ dif'feringr for varinius alloys. In the case of alloy No.32 which cortains

much e arhen, it Fredixilly diminishesq. fhis testifiud to the fact that the solid solution

is impoverished in alloying carbids-formipng elements. In alloy No.13 (Ilc:arbon-fruell)



Table 7

Variation in Lattice Parameter' MYlkW.A KX of Principal Phase

a) Alloy !nber; b) Quenched; c) Aging, hrs

Table 8

Varat , in Lattice Parameter MY KX of Separated Phase

) AI.oy nemnber: b) ie-nched; c) Aging, hro

Table 9

0 a) tilly eumber; b) Cast; c) Aging, hrs0

.Q
.' --- _--- reduction in the YXYYMK( lattice parameter proceeds in two opposing directions : the first

direction, ro.latf-d to the d (,,compos it ion of the solid solution causes a reduction in the

CO i paameer. v .cod diecton, elaingto the appearance of internal stresses is

due to the suppression of the disporsd nuclei of an excess phase having a greater

f" specific volume than the principal solid solution.



2(2Th oiuplemntarv lines obtained 'on the radiogramns or alloy,,.3 Nos.12 zsod 3,

belon:- to narbidps of !hromium and the a-phase. It is significait, ,.hat the Co-pha-;

ar1-arL; i- various allo-rs under nonidentical tempering conditions, that carbo-n

acc(31u-rt!!s 'he decomposition process, and that the lines for the 6 -phase appear >

611 instead of 12 hrs)
alloy 12l considerably sooner (2 hrs of aging MEMXM!I2 than in the case of th:
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